Type 2 diabetes is associated with many comorbid medical conditions including obesity, neuropathy, microvascular pathology and atherosclerotic arterial disease. Due to its complications and chronicity, reducing risk factors such as obesity and sedentary lifestyle through lifestyle modi®cation is crucial to the long-term health of patients with type 2 diabetes. Patients must learn how to adopt lifelong, low-fat eating habits and regular activity patterns, with formal treatments focusing on weight loss, increased physical activity and low-fat, low-saturated fat diets. In this article we review the ef®cacy of lifestyle modi®cation programmes for obese diabetic patients. In addition, we discuss barriers to lifestyle changes and methods for improving long-term adherence. Finally, we present information on how this approach has been adapted to a group of Mexican Americans in the USA, a population at high risk for type 2 diabetes, obesity and sedentary lifestyle.
Introduction
Diabetes mellitus is a chronic disease characterised by elevated blood glucose resulting from defects in insulin secretion, insulin action or both. Nearly 85% of individuals with diabetes are classi®ed as having type 2 diabetes and, of these, 90% are obese. 1 In 1997, approximately 14 million Americans had diabetes, with over 700 000 new cases reported yearly. 2 This increasing prevalence is probably linked to the current obesity epidemic and the high levels of sedentary lifestyles in the USA 3 ± 6 and it is predicted to continue to increase sharply as the population ages. 7 Diabetes provokes many complications including neuropathies, microvascular pathologies and atherosclerotic arterial disease (risk 2 ± 6 times greater in diabetes). 1 Hyperinsulinaemia has been linked to the development of`Syndrome X' which consists of a constellation of insulin-resistance anomalies including increased very-low-density lipoproteins (which causes hypertriglyceridaemia), reduced high-density lipoproteins and hypertension. 1, 5 Because type 2 diabetes is associated with such problematic comorbid conditions, including a substantially increased risk for cardiovascular disease, reducing risk factors such as obesity and sedentary lifestyle through lifestyle modi®cation is crucial to the long-term health of patients with type 2 diabetes. 1 Thus, patients must learn how to adopt lifelong, low-fat eating habits and regular activity patterns, with formal treatments focusing on weight loss, increased physical activity and low-fat, low-saturated fat diets. 1,8 ± 12 Lifestyle modi®cation interventions, which focus on changing behaviours which are thought to contribute to, or maintain, obesity and inactivity, have their roots in behavioural modi®cation and include several techniques, including the use of self-monitoring and goal setting, stimulus control and modi®cation of eating style and habits, the use of reinforcement of healthy behaviours, cognitive behavioural therapy interventions that focus on improving coping skills (for example cognitive restructuring, stress management and inoculation training, relaxation skills, meditation and relapse prevention training) and the use of social support. All of these strategies focus on changing the obese diabetic patient's problematic dietary habits and physical inactivity.
These approaches produce moderate weight loss and increases in activity levels and have minimal negative side effects. They are most useful for individuals with mild to moderate obesity. 5 A multidisciplinary management team, including a physician, dietician and behavioural counsellor, can be an effective means of implementing these lifestyle approaches, especially in populations, such as Mexican Americans in the USA, who are at high risk for type 2 diabetes, obesity and sedentary lifestyle. 3 This article will outline the health bene®ts of lifestyle modi®cation programmes for obese diabetic patients. We discuss methods for implementing such programmes and the use of behavioural intervention with a high risk population, that is Mexican Americans in Southern Texas.
Bene®ts of lifestyle modi®cation for obese diabetic patients
Numerous studies have documented the bene®ts of weight loss, physical activity, and low-fat andaor lowcalorie diets for obese patients with type 2 diabetes.
8,11 ± 13 For example, Wing et al 14 found that type 2 diabetic patients who underwent a 16-week lifestyle modi®cation programme and lost at least 5 ± 10% of their initial body weight ( 6.9 kg) had signi®cant improvements in glycosylated haemoglobin that were still present at 1-year follow-up, although the improvement was greater at post-treatment. These patients also experienced important reductions in their diabetes-related medications
In a later study, Wing et al found that the degree of caloric restriction, as well as actual weight loss, plays a role in improvements in insulin sensitivity and glucose levels. 10 In this study, obese diabetic patients were randomised to one of two diet programmes (400 or 1000 kcalad) for 32 weeks. Despite similar weight losses ( $ 11% of initial body weight), patients in the 400 kcalad diet achieved lower fasting glucose levels and greater insulin sensitivity than those assigned to the 1000 kcalad diet. Given that substantial caloric restriction appears to enhance diabetes-related health bene®ts, it is not surprising that the use of very-lowcalorie diets (VLCDs) has been suggested. For example, several studies have found that VLCDs produced incremental bene®ts with regard to weight loss, changes in blood glucose and HbA lc , and improvements in insulin sensitivity and lipid pro®les. 15 ± 17 Thus, Wing concluded that while VLCDs are no more effective in producing long-term weight loss than balanced de®cit diets, they may provide some increased bene®t with regard to glycaemic control. 17 Physical activity has been shown to have positive effects on weight, abdominal adiposity, insulin insensitivity and lipid derangements, so it is not surprising that it has been incorporated into lifestyle modi®ca-tion programmes for obese type 2 diabetic patients. 13 For example, Yamanouchi et al found that patients assigned to a dietary programme augmented with moderate physical activity (that is walking a minimum of 10 000 stepsad on a¯at ®eld while being monitored with a pedometer) demonstrated signi®cantly greater changes in glucose infusion and metabolic clearance rates than patients undergoing the diet programme alone. 18 Activity programmes demonstrate signi®cant and persistent bene®ts (that is improvements in glycaemic control and cardiovascular risk factors) when they are regular and of at least moderate intensity. 13,19 ± 21 In summary, lifestyle modi®cation programmes that focus on modifying dietary and activity patterns are effective in producing weight loss, improving glycaemic control and reducing cardiovascular risk factors. 8, 13, 22 In addition to the health bene®ts, lifestyle modi®cation can produce economic savings. For example, Collins and Anderson found that obese diabetic patients who underwent a 12-week lifestyle modi®cation programme substantially reduced their diabetes-related medications and lowered their medication expenses by 68% at the end of treatment. 23 During the year of follow-up, their medication expenses remained 49% lower than before treatment, saving an average of $442 per subject over the year. 23 
Dietary and activity recommendations
Nutrition recommendations for obese diabetic patients include decreasing total dietary fat with emphasis on reduction in saturated fat to less than 10% of caloric intake and modifying calorie intake by 250 ± 500 calories less than average daily intake. 24 In addition, as long as total caloric intake is monitored and controlled, higher levels of monounsaturated fatty acids and carbohydrates (that is 65 ± 70% of total calories from these groups) appear to improve diabetes-related health parameters and cardiovascular risk factors in obese type 2 diabetic patients. 25 ± 27 Physical activity is the most important predictor of weight loss maintenance and can signi®cantly improve insulin sensitivity and glycaemic control in patients with type 2 diabetes. 13,19,21,28 ± 31 While physical activity alone may not produce substantial weight losses, the improvements in psychological functioning that result from exercise (for example improved body image, psychological well-being and eating self-ef®cacy) may help obese diabetic patients better cope with and be less reactive to stressful situations and reduce overeating and the resultant negative emotions that lead to relapses. 32, 33 Physical activity recommendations for obese individuals with type 2 diabetes generally suggest that they engage in aerobic endurance activities (for example walking, swimming or bicycling) or circuit-type resistance training (that is low intensity and high volume) for 20 ± 60 min per session at moderate or greater intensity for 3 ± 7 d per week for glycaemic control and at least 5 d per week for weight control. 19, 21 As with any population, it is important to develop individualised activity programmes that address the patient's current ®tness status, activity preferences and safety issues. Behaviour modi®cation is a method for systematically modifying eating, exercise or other behaviours that are thought to contribute to or maintain type 2 diabetes and its related comorbid conditions. 28, 34, 35 There are several strategies that have consistently been found to be useful in the modi®cation of dietary and activity patterns that lead to improvements in type 2 diabetes metabolic parameters (that is insulin sensitivity and glycaemic control) and weight loss.
Self-monitoring. Self-monitoring involves the systematic observation and recording of target behaviours, including the use of food and activity diaries to record caloric intake, fat grams, food groups, conditions or situations when overeating is common, and frequency, duration andaor intensity of exercise. Scales and body composition measures that record changes in weight or body fat also can be used. While patients are not always accurate in their reporting of dieting and exercise behaviours, the primary purpose of self-monitoring is to increase patients' awareness of their problematic dietary and activity patterns and the factors that in¯uence how they behave. 36 Self-monitoring is associated consistently with improved treatment outcomes and patients report that it is one of the most helpful obesity management tools. 37 ± 42 Stimulus control. Stimulus control involves identifying environmental cues that are associated with overeating and underactivity. Modi®cation of these cues, and therefore changing the patient's microenvironment, may increase success in sustaining dietary and activity behaviours. 43, 44 Controlling cues associated with overeating or inactivity can be very helpful for long-term maintenance because exposure to these cues may precipitate relapse. 43 There are numerous ways to implement this strategy, depending on the individual's particular problems. For example, prompting patients to exercise through weekly phone calls has been found to signi®cantly enhance adherence to a walking programme. 45 In addition, eliminating the availability of snack foods in the house or restricting eating to particular rooms can be helpful.
Patients and management team members should work collaboratively to develop practical, individualised stimulus control strategies.
Cognitive behaviour therapy interventions (CBT).
Cognitive restructuring, a primary CBT intervention, involves having patients address their thoughts and beliefs about themselves and their weight and teaching them to actively challenge and change aspects of their internal dialogue. This is particularly important because some obese diabetic patients hold unrealistic beliefs about how much weight they can lose and the bene®ts that weight loss will have on their life. For example, Foster et al found that patients in their obesity management study had weight loss expectations that were substantially different from what was realistically achievable. 46 While many patients lose about 10% of their initial weight during treatment, reducing their risks for obesity related morbidity, this moderate amount of weight loss was much less than the weight loss that these patients de®ned as an acceptable outcome. 46, 47 Because stress is a primary predictor of relapse and overeating, it is not surprising that stress management and inoculation training, components of CBT, are an important part of management. Stress management and innoculation involve teaching patients methods for reducing stress and tension, including diaphragmatic breathing, progressive muscle relaxation or meditation. 28 ± 30 In addition, stress inoculation involves having patients visualise stressful situations while practicing their relaxation skills, therefore allowing them to practice managing stressors in a safe environment and improving their con®dence in coping with stressful situations. These techniques are designed to reduce tension and associated sympathetic nervous system arousal in response to stressors and have been found to be very effective for numerous health-related problems.
± 51
Relapse prevention training emphasises the importance of preparing obese diabetic patients for lapses in their weight management programmes. 52, 53 Patients are taught that lapses are normal and that they need to recognise and anticipate situations that might cause a lapse. For example, many studies have found that negative emotions and social situations, such as travel or parties, are associated with lapses. 28 Didactic training, modelling, role-playing and visualisation methods can be used to help patients develop coping strategies to manage lapses and prevent full relapses. 53 Social support. Social support is an important component of successful lifestyle change. Many studies have found that individuals with higher levels of social support tend to do better in weight management programmes. 29, 30, 41 Social support may involve including the family in the obesity intervention, participation in a community-based programme or involvement in any outside social activity (that is, it is not necessary that the group or programme be obesityrelated). Peer and family support may be particularly useful because it helps patients learn greater selfacceptance, develop new norms for interpersonal relationships and manage stressful work-or familyrelated situations. We have found this strategy to be Challenge of diet, exercise and lifestyle modi®cation JP Foreyt and WS Carlos Poston II particularly useful with obese Mexican Americans ( Table 1) . 54 
Barriers to change
Obese diabetic patients have a higher risk for multiple comorbid medical conditions which may substantially increase their discomfort during activity and limit their endurance and¯exibility. 5 For example, Mattsson et al found that severely obese women (that is BMI 44.1AE 10.7) who were tested during walking and cycling ergometry walked slower, had lower %VO 2 maxakg and higher VO 2 and %VO 2 max than normal controls. 55 In addition, they reported high degrees of perceived exertion and pain. These results suggest that walking, which is generally considered to be a moderate-intensity activity, may actually be more intense for obese individuals due to the greater relative oxygen cost of walking associated with increased body mass.
Obese diabetic patients, therefore, may be more likely to perceive even moderate-intensity activity, such as walking, as exerting and painful which may negatively impact adherence. 55 Thus, the presence of one or more comorbid medical conditions may present a signi®cant barrier to starting or maintaining a physical activity programme. Other barriers include those that affect any individual, such as lack of time, equipment, facilities, child care and family support. 6 Similarly, other important barriers to lifestyle change in the obese diabetic patient may be programme-based shortcomings. For example, the foundation of many physical activity programmes is based on research that has focused on cardiopulmonary bene®ts. 56 In addition, weight loss or weight maintenance often are promoted as primary aims of physical activity programmes for the obese. 57 These training philosophies can have the unfortunate side effect of discouraging severely obese diabetic persons from starting activity programmes because they may mistakenly assume that small amounts of low-intensity activity, which is where most severely obese diabetic patients will begin, are not of any health value. 56 In addition, low-to moderate-intensity physical activity programmes for obese diabetics initially may be very helpful in improving psychological well-being, functional status and adherence, paving the way for participation in more intense programmes. 32, 58, 59 Strategies to promote adherence There are several basic strategies that can be utilised to improve adherence to lifestyle modi®cation programmes. First, developing good rapport with diabetic patients is very important. This can involve discussing barriers to treatment and providing patient education about the need for intervention and reviewing the expected course and outcomes. Patient education is an important part of most compliance-enhancing interventions and works to address many patientand provider-related barriers. 38 Examples of patient education include ensuring that the patient understands the dietary and activity prescriptions by writing them down, discussing the patient's beliefs about their diabetes and how diet and physical activity may bene®t them, providing clear information about obesity and related conditions and how lifestyle change may be helpful in improving these conditions, and assessing the patient's expectations. Patient ± provider alliance building is a very effective method of improving treatment compliance and addressing important psychosocial barriers to dietary change and physical activity for obese diabetic patients. 33 Additionally, treatment regimens can be modi®ed so that they are more easily incorporated into the patient's life. The emphasis on moderate lifestyle activities is one way to make physical activity initially more accessible to obese patients with type 2 diabetes. 58 Including patients in the development of management goals and encouraging them to increase their activity intensity and duration gradually can be helpful. Giving feedback about progress and providing a way for patients to monitor progress through self-monitoring is one of the most effective methods for enhancing activity and dietary adherence and promoting weight loss. 28, 37, 60 Providing prompts or reminders also can be very effective. 60, 61 Finally, the importance of social support cannot be overlooked. Involving family members in the process or keeping a list of resources where patients can be referred for support or that provide group exercise settings or activities can improve long-term adherence. The bene®cial effect of social support has been demonstrated for physical activity, dietary change and the management of obesity. 28,37,54,59 3 using data from NHANES III, found that Mexican American women were the least physically active group, with prevalence rates of little or no leisure time physical activity reaching 74% (Figure 1) .
It was in response to these pressing health issues that we designed Unidos en Salud (United in Health), a culturally sensitive intervention programme designed to modify dietary and activity patterns and promote weight loss in Mexican American women in Starr County, Texas. The initial intervention, which lasted 6 months, combined individual-oriented behavioural strategies with culturally compatible strategies derived from social support theory (for example speci®c supportive behaviours provided by neighbourhood group members that are associated with successful weight control). In addition, the intervention included a 6-month peer-led maintenance group. Initial intervention classes were taught by bilingual health professionals using minimally intrusive strategies, such as dietary and activity self-monitoring, identi®cation of social, behavioural and cultural barriers associated with poor diet and inactivity, problem-solving skills to address these barriers, and CBT skills to help counter culturally reinforced attitudes and perceptions that were contrary to improved dietary and activity habits.
These strategies were chosen because research with Anglo-Americans has found that structured social support through peer self-help maintenance groups can be successful in promoting activity and weight loss and is especially applicable in communities with few resources. 62 Continued group interaction and support are particularly important to help Mexican American women with long-term maintenance of exercise habits, as this ethnic group has not typically encouraged exercise for weight control or CVD risk reduction. 63 
Conclusion
Lifestyle modi®cation programmes focus on changing the eating and activity behaviours of obese type 2 diabetic patients and are integral to controlling symptoms and reducing risks for diabetes-and cardiovascular-related morbidity. There is a substantial body of evidence supporting the health-related bene®ts of these programmes including improvements in glycaemic control, insulin sensitivity and lipid pro®les. These programmes focus on a gradual approach to behaviour changes that can be maintained over the long-term. In addition, they emphasise short-and medium-term bene®ts, such as enhanced quality of life and functional capacity, and small improvements in comorbid medical conditions. Reduced mortality risk, even in the absence of weight loss, is also a potential bene®t. 64 While lifestyle modi®cation programmes are limited in that long-term dietary and activity changes are dif®cult for most individuals to maintain, more research is focusing on treatment delivery methods that can cost-effectively extend the intervention period. Despite this problem, lifestyle modi®cation programmes can be quite effective in helping obese type 2 diabetic patients reduce their weight and improve their glycaemic control. Thus, these programmes should continue to play an important role in the management of obese diabetic patients. 
